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Mr. BEUNLEES addressed the Meeting in  the following terms on 
taking  the Chair,  for the first  time,  after  his election as Presi- 
dent :- 

GENTLEMEX- 
It is just  thirty years since I had the honour of being 

elected  a Member of this  Institution. I felt  justly proud of that 
position; but I did  not then presume to imagine that I should 
ever attain  the  great distinction of occupying this chair. By 
electing me your  President you have conferred on me the greatest 
honour in your gift. I thank you most sincerely  for  your  kind 
suffrages,  and I feel satisfied that you will  favour me with  the 
same ready  and  cordial  support  which you have  always accorded 
to  my predecessors. 

I shall endeavour to preside  over  your  interests  and  your de- 
liberations with discretion  and  impartiality,  and to  do all in my 
power t o  augment the growth  and  utility of this increasingly 
prosperous Institution. 

When I joined it in 1852 there  were 745 members of all classes ; 
the number now is 4,210. Then  only one  volume of “Minutes of 
Proceedings ” was issued annually, now the number is four. There 
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was then no Benevolent Fund  in connection with  the  Inst,itution, nor 
had  the  Student class  been established. The former was founded 
in 1864, and I may say  with confidence that it has been a great 
boon to  many  who  have been laid  low by sickness or been overtaken 
by adverse circumstances ; and it is a pleasing thought  that, while 
you have been engaged in  developing the material resources of our 
country, and  in promoting works which increase the comfort and 
well-being of society,  you have  not  forgotten the  wants of those 
members who have been unfortunate in  their profession. 

The  Student class was established in 1867, and  has now 759 
members. To this class of the  Institution I look hopefully, because 
I believe that it affords valuable training for our future Engineers. 
The Student,  who must be a pupil of a Corporate Member of the 
Institution  and have  had  suitable  preliminary education, has  the 
opportunity of attending  the Ordinary Meetings of the  Institution 
in addition to those of his own section. He has a t  his command 
our valuable library, which contains not only the  important 
technical literature of this country, but foreign works of note on 
Engineering science and practice. The advantages that may be 
obtained from these sources,  combined with  the  practical experience 
acquired in  the office and on the works of his master, afford the 
pupil,  to  my mind, the essentials of a complete training for the 
profession. 

I would remind my  younger'hearers, however, that  they  are 
entering a field in which competition becomes yearly more keen ; 
and  that  they cannot afford to despise the acquisition of knowledge, 
the immediate use of which, in  their professional  career, may per- 
haps  not be self-evident to them. No knowledge that  will make a, 
man a better  and a more acceptable member of society, none that 
enables him to hold his own as a man of the world, can be useless 
to  the professional  man. The knowledge acquired at school or 
at college requires  not  only to be kept up but  expanded;  the 
power should be cultivated of concisely and accurately placing 
your views and opinions  before those who may be called upon to 
decide whether those views and opinions should be received and 
acted on, or  laid aside and rejected, for it may  have an  important 
influence on your professional  career, especially at  the outset. At 
the Students' meetings you have  the opportunity of exchanging 
ideas, and  putting  forth, both  verbally and  in  writing,  the 
opinions you may found on your studies, and I earnestly exhort 
you to  avail yourselves of the opportunity to  the  fullest  extent. 

A change  which  has been  made of late years in  the Proceedings 
B 2  
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of the  Institution deserves mention. I allude  to  the scope  of the 
Papers, which formerly were restricted chiefly to descriptions of 
executed  works, but now embrace a wider range of subjects, 
affording much more matter for useful discussion, and of a variety 
which cannot fail  to be interesting  and valuable to  all classes  of 
Engineers. 

My immediate predecessor in  this chair, Sir William  Armstrong, 
addressed you on the  relations of Engineering science to  the  arts 
of war;  and  the soundness of his observations has since been 
strikingly exemplified by  the  rapid  and decisive events of the 
recent  campaign in  Egypt.  For some part of that  rapidity we 
are indebted to  the labours of the  Civil Engineer, especially as 
regards the celerity  and freshness with which  our troops were 
enabled to  take  the field, and  the ease with which material 
was moved forward by our  ships  and  the railway, to  say 
nothing of the service performed in  the  early  stage of the 
land operations by the movements of the armoured train. For 
me, however, it is more fitting  to follow the example of those 
Presidents who at  different times  have  given some of the  results 
of the conflict with  Nature which  engineers  have to wage in  the 
interests of peace and of civilisation. 

I propose, therefore, in  this Address to make a brief reference 
to some of the more important engineering works which have been 
recently finished, or  are  in process of execution. In  considering 
these works we are  forcibly reminded of the  small progress that  the 
arts of construction made until a period quite recent. We  are 
obliged to confess that  in nearly all  that concerns work executed 
in stone, wood, or  earth,  the constructions of the ancient  engineers 
may be put  in comparison with some of the best modern  works, and 
that  in those materials it is not probable their works will ever be 
surpassed. I shall speak presently of the Panama Canal. When 
completed it will  excite  as much admiration, and be at  least  as 
important a link  in water-communication, as  the Suez  Canal. But 
canals of great magnitude are amongst the earliest  engineering 
works of which we have any record. History mentions a t  least 
two of importance ; the canal for uniting  the Red Sea with  the 
Nile, and a canal across the  Isthmus of Athos to avoid the navi- 
gation  round the Peninsula of Chalcis, vestiges of which still 
remain. I n  regard to  tunnelling, too, the ancients have  not  yet 
been so far outstripped as we might  at first suppose. To carry 
off the superfluous waters of Lake Fucinus, the Emperor Claudius 
constructed a tunnel, which was 38 feet  high, 28 feet wide, and 
3 miles long, driven chiefly through solid  rock. With  the excep- 
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tion of explosives and  machine  drilling, it was apparently  executed 
pretty much as work of that  kind  is executed in our day;  but 
those  exceptions show that it must  have been executed with  vastly 
more labour  and  time. A historian: who lived  three  centuries 
before  our  era  tells  many  curious  and  wonderful  things  about 
the  building of Babylon;  but none more curious or wonderful 
than  his description of the manner in which a passage was 
constructed  beneath the River  Euphrates from one bank t o  the 
other,  a  distance of more than 130 Yards, so as  to afford a passage 
for the  inhabitants of the palaces on each side. The courae of the 
river was diverted,  a work of considerable  magnitude,  and  a  tunnel 
was constructed of brick, cemented inside  and  out with asphaltum. 
The walls,  which  were twenty bricks  thick,  were 12 feet high t o  
the springing of the arch,  and the width of the  tunnel was 15 feet. 
The whole work is said t o  have been finished in two  hundred 
and  sixty days. There  are  remains of this subaqueous  tunnel 
existing now, though it was constructed  nearly  four thousand 
years ago. 

We  have  recently become as  well  acquainted with  the  City of 
Alexandria as we were with  the Eddystone  Lighthouse. It was 
on the  Island of Pharos, opposite that city, that  the first lighthouse 
was erected by Ptolemy  nearly  three  centuries before the Christian 
Era.  The name of the island became the name for a  lighthouse in 
most European  countries,  and it is probable that down to  a com- 
paratively  recent  time  the same principles of construction  were 
followed, and the same  materials  were used. Winstanley’s light- 
house at Eddystone, the first predecessor of the works of Smeaton 
and of Douglass, of which I shall  have  to  speak, .was probably not 
more efficient than  the Roman pharos on the  heights of Dover, 
some remains of which still exist. 

Even  the problems regarding  the disposal of sewage, which 
puzzle municipalities,  were  attempted to be  solved by ancient 
Rome, and  dealt  with  by  her engineers  much in  the same way 
that  they have been dealt with  in our day. A great “ low-level ” 
sewer, 30 feet high by 15 feet wide, received the drainage of a 
network of sewers coming from the  city on the hills, and delivered 
the accumulation  into the Tiber. It was the main artery of a 
system of sewerage  and  drainage  which  there  had been no attempt 
to  rival  until,  in  quite recent  times, the London sewerage  system 
was carried  out,  and  other  large  cities in  this country  and abroad 
have followed the example. 

Diodorus of Sicily, Book 11. c. i. 
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With  the  aid of manual  labour and of the simpler mechanical 
contrivances, the ancient  engineer  did nearly  all  that was possible 
in earth, stone, and wood. It is the application of the power of 
steam, and  the adaptation of machinery for the working of iron, 
which have of late years  enlarged the field of the engineer, and 
led to  the creation of works of previously ucthought-of  magnitude, 
with  an ease, and  with  an economy of time, labour, and money 
never before  approached. For,  though  iron is the most abundant 
and most  diffused of metals, it only entered into works of con- 
struction in a secondary manner until  the introduction of the 
steam-engine gave the force, and  the machinist the appliances, 
for forming the  metal  into  large masses. 

We have  recently, indeed, been entering on a new period of  con- 
struct.ion in iron ; for, just  when the application-of that metal seemed 
to have reached its limit,  the engineer has been enabled to  take a 
new flight, by  the  aid of the genius of those who  have turned our 
iron into steel, and  given us the means of dealing with  steel  in 
masses as readily as  with masses of iron. The  result is, that 
some of the more formidable barriers  to communication are being 
surmounted by  the introduction of steel, and  the engineer is 
called upon to design works which a few years ago would have 
been  impossible of execution. 

I will not trouble you with  any  further  details of the use of 
iron in place of other materials, or of steel in  the place of iron. I 
have said enough to  illustrate  the steady increase which is 
taking place in  the means at  the disposal of our profession for 
dealing with problems which were insoluble to previous gene- 
rations of engineers. 

I think you will  agree  with me that  at no time since the 
foundation of our Institution have undertakings of greater magni- 
tude, or  greater social advantage, been entrusted  to  the members 
of our profession to design and execute. 

The  Forth Bridge,  which is to be  erected across the  Forth  at 
Queensferry, will be the  largest  bridge  yet constructed. The 
design was  referred by  the  North  Eastern,  the Midland, and  the 
Great Northern  Railway Companies, to  their respective Engi- 
neers, our  Past-Presidents, Mr. T. E. Harrison, Mr. W. H. Barlow, 
and Mr. John Fowler, and those gentlemen recommended the 
directors of the companies to adopt it, and it is now being 
carried out  by Mr. Fowler and Mr. Benjamin Baker. The bridge 
will consist of two  spans of 1,700 feet,  two of 675 feet, fourteen 
of 168 feet,  and  six of 50 feet, with a clear headway for navi- 
gation of 150 feet above high  water of spring tides. The  two 
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largest  spans  are composed of two  cantilevers,  each 675 feet  long, 
with  a  central  girder 350 feet  long, the  depth of the  canti- 
levers  being 350 feet at  the piers  and 50 feet in  the centre.  To 
hold  aloft  and  maintain the immense weight of steel of which the 
cantilevers and  girder  are composed, piers  will be required of 
corresponding  magnitude.  The  central  pier, on the island of 
Inchgarvie,  will consist of four  cylindrical masses of concrete and 
masonry, 45 feet  diameter at  the top  and 70 feet at  the bottom. 
They will be founded on the rock at a  depth below high  water 
varying from 24 t o  70 feet,  and will be carried up t o  18 feet 
above high water. The Queensferry  pier  will be similarly con- 
structed,  but  its foundation  will  be the boulder-clay at a  depth of 
from 68 t o  88 feet below high water. The  Fife pier  will be 
founded on the rock at a  comparatively  small  depth. Beyond 
their enormous size it is  not expected that  the construction of 
these  piers  will  present any unusual  features. The  length of the 
bridge  will  be 5,330 feet, or more than  a mile, and of the viaduct 
approaches 2,754 feet. The contract  has been let for S1,600,000. 
The design of this  bridge  is  a magnificent  and bold  one. Mr. 
Baker, in  his description of it, says, ‘‘ It compares with  other 
railway  bridges  as  a  grenadier  guardsman t o  a new-born infant. 
Bridges  a few feet  larger in span  than  the  Britannia Bridge  have 
been built elsewhere, but  they  are baby  bridges after all.” The 
ingenuity  and  forethought which  have been employed in working 
out  the  details of the design  appear to me worthy of it, and I am 
sure you will join with me in  the wish that  this  enterprise may 
be  carried  through  to completion without  any mischance, and  that 
its authors  may  reap  the honour to which success will so justly 
entitle them. 

A less  remarkable  work, but one of not less importance in 
its effects  on the facility of communication between the railway 
systems of north  and  south,  is the  Tay Bridge,  which is being 
carried  out by Mr. W. H. Barlow. This bridge is to be erected 
on  new  and  independent  foundations on the up-stream  side,  and 
as  near  as  conveniently  practicable  to the site of the previous 
bridge. It will be 10,780 feet  long,  divided  into  eighty-five  spans, 
of which  eighty-one will be crossed with iron  girders,  and the 
remaining  four will be brickwork  and masonry. The  thirteen 
spans over the navigable  water-way  will be two of 227 feet,  and 
eleven of 245 feet each, and the  height from high water to  the 
bottom of the  girders will  be 77 feet. The piers  will  be of 
wrought  iron,  plated  all over, and  supported on iron  cylinders 
of suitable &rnenaions, sunk 20 feet  into the bed of the river,  and 
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filled with concrete and  brickwork. The  parliamentary estimate 
for the work was %654,000, but  the contract  has been let below 
that estimate. The bridge,  which is for  a double line of rails,  is 
t o  be completed in  three years. 

Another  bridge of a  similar  character is  that over the River 
Ganges a t  Benares,  which is being  constructed from the design 
and  under the superintendence of Mr. Batho, Mr. Barlow being 
the Consulting  Engineer. It consists of seven large  spans,  each 
356 feet from centre to centre of piers,  and  nine  smaller  span? 
114 feet each from  centre to centre of piers. Four of the 
large spans  only are required to cross the river a t  its ordinary 
level, but  during floods the  river  will pass through  the whole 
of the sixteen  spans. The  depth of the river  when at   the 
ordinary  level is about 20 to 30 feet, but  the floods have  been 
known t o  rise to  a  height of 50 feet above that,  thus making 
the whole depth of water  from 70 to 80 feet. The scour in  the 
river bed is very  great; therefore the foundations  have  to  be 
sunk 120 feet  into the bed of the river,  which is  entirely of sand. 
The girders  are of steel, 25 feet  apart,  with  a footpath of 5 feet in 
width on each side. The allowance for  wind-pressure is 60 lbs. 
per  square foot. The  time of completion is estimated t o  be  four 
years from the time of commencement. The  bridge  will be  used 
as an ordinary  road  bridge,  except at  train times,  when the road 
traffic will  be stopped. The  total approximate cost is 32460,000. 

A work of a  different type from those  already  described is the 
Kinzua  Viaduct. It spans  a  long  narrow  valley with  lofty pre- 
cipitous sides, on the Bradford  branch of the New York,  Lake  Erie, 
and  Western  Railway. The viaduct is chiefly remarkable for its 
great  height,  which  is 302 feet from the bed of the stream to  the 
rails. Its length between the abutments  is 2,051 feet,  divided into 
twenty  spans of 61 feet each, and one span of 62 feet. The 
girders  are  carried by wrought-iron  towers or piers  having  a 
uniform width  at  the top of 10 feet  and  a  span of 386 feet. The 
upper  half of the piers  is composed of four  and the lower of 
six  wrought-iron columns, 1 foot in diameter, braced together 
and  having  a  batter  laterally of 2 inches  per foot, so that  the 
highest  piers  have a base of about 100 feet. As an additional 
stay against the force of the wind, the iron shoes at  the bottom 
of the columns are bolted through  the piers,  and the columns 
themselves are braced together  throughout  their  length.  The 
work,  which has a  very  light appearance, waa  commenced in 
August 1881, and  was  finished in October last, .at  a cost of 
S60,OOO. It is of course for only one line of rails. 
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Another type of bridge,  which is now  approaching completion, 
is  the  East River  Bridge,  between New York  and  Brooklyn. It 
is  the  largest  yet made on the suspension principle.  The total 
length  is 5,989 feet,  which is divided into  three spans, the land 
spans  being 930 feet each, the river  span  being 1,595 feet 6 inches, 
and its clear height above high  water 135 feet. The  width of the 
bridge  is 85 feet,  and it is  intended t o  accommodate foot-passengers, 
railway  trains,  and  ordinary  street-traffic.  The cables are  four in 
number,  each  having  a  diameter of 159 inches.  These cables arc 
calculated t o  stand  a  strain of 12,200 tons each. There  are  two 
suspension-  towers each 278 feet in  height above high  water, 
and 159 feet above the roadway. It is espected that  this 
bridge, the finest  bridge of its kind  yet  constructed,  and one of 
the largest  bridges in  the world,  may  be opened for traffic in a 
few months. Its cost will be in round  figures  about S2,800,000, 
independent of the cost of land. Colonel A. W. Roebling is  the 
Engineer in chief, Mr. F. Collingwood and Mr. C. E. Martin, 
Engineers  in charge of the approach  works,  which,  owing  to the 
height of the main  structure,  are of unusual  magnitude and 
importance. 

From  the consideration of bridges I now pass t o  the sub- 
ject of tunnels. The longest tunnel  yet constructed is  the 
St. Gothard, having  a  length of 14,912 metres,  or 2,692 metres 
longer than  the Mont Cenis  tunnel. It was  begun at  the 
northern end in September,  and at  the southern  end  in October 
1872, and  the whole work was completed and opened for  traffic 
on the first  day of 1882, or in a period of rather more than 
nine  years. The different strata  through  which  the  tunnel passed, 
granitic  and micaceous gneiss, micaceous schist,  and  other rocks, 
were  not of extraordinary difficulty to  penetrate  with  the com- 
pressed-air  drills, though  at  the  northern end of the work the 
gneiss was extremely  hard. More difficult to effect was the 
passage of strata  under  the plain of Andermatt,  which swelled 
on exposure to  the  air  and water,  and produced an enormous 
pressure. The first  lining of I metre  thick was forced in,  and  a 
second of greater  strength was tried,  but shared the same fate. 
This was entirely replaced by  a  lining of carefully cut stone 
24 metres  thick at  the foot of the arch, and gradually  decreasing 
to l$ metre at  the crown. This  lining  has  hitherto shown no 
sign of yielding,  and it will probably prove efficient. The esecu- 
tion of this portion of the work was not  only slow in itself but it 
greatly  retarded  the execution of the work beyond, as  its recon- 
struction  embarrassed the regular  progress of the removal of spoil. 
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The  northern end of the  tunnel is 3,638 feet, and  the southern 
end 3,756 feet, above sea-level. To overcome the sudden  rise 
from the level of the railway  proper to  the mouths of the  tunnel 
the engineers  have  constructed  spiral  tunnels of approach, which 
run above  one another on a  radius of 15 chains,  and  a  gradient 
of one in 43.5.  There  are  three of these  spiral  tunnels at  the 
north,  and  four at  the south,  end of the  great  tunnel. 

The Severn  Tunnel,  which  is  being  carried  out  under  the  direc- 
tion of our  Past-President,  Sir John Hawkshaw, is the  largest 
work of the  kind  that has yet been undertaken  in  this country. 
It passes under  the  estuary of the Severn,  about  half  a mile below 
the  ferry which connects the  Great Western  Railway with  the 
railways of South Wales. The  total  length of the  tunnel is 
7,942 yards, of which 3,960 yards, or 22 miles, are  under  the tide- 
way. The  greatest  depth of water over the  tunnel,  at  high water, 
is 96 feet,  and at low water 60 feet. The  tunnel passes through 
beds of shale  and  Pennant sandstone of the coal measures, and 
through  the  nearly horizontal beds of Keuper  marls,  which  overlie 
these  measures.  Water  has  been  met with  in  all  the  strata, some- 
times in  large  quantities. One spring  in  the millstone grit, on 
the  land approach to the  tunnel, discharged  over 5,000 gallons a 
minute,  and  its sudden  inroad caused a  temporary  stoppage of the 
works. There  are  ten  shafts  throughout  the work,  and the 
quantity of water  pumped from all of them is now between 7,000 
and 8,000 gallons  per  minute.  Under the deepest part of the 
estuary  there  will be a cover of 45 feet of Pennant sandstone. 
Under the Salmon Pool there  is only  a cover of 30 feet of red mar1 
(Keuper). For excavating the rock, compressed-air drills  are 
largely used. The  tunnel  is for  two  lines of railway,  and is 
208 feet from the  rail level to  the  soffit of the arch. It is 26 feet 
wide at 7 feet above rail-level. It is lined  throughout  with 
vitrified  bricks  set in Portland  cement, the  lining  being from 
1 foot l O $  inches t o  3 feet  thick. Over 1,400 lineal  yards of tunnel 
and 910 lineal  yards of arch from springing  have been finished, 
mostly  under the tideway. The  total cost of the  tunnel will  be 
about 1E1,500,000, and it is hoped it will  be completed in about 
four  years. 

The work of tunnelling  beneath  the  River Hudson,  between 
New York  and Jersey  City, is remarkable chiefly on account of 
the difficult nature of the  material t o  be passed through,  and  thc 
means employed for carrying out the work. There  are two  singlc- 
line tunnels, 30 feet  apart,  and parallel  to  each  other,  and they  are 
intended t o  bring  the  railway  traffic of the south-west  and  south 
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into  the  city of New York, from which that traffic is a t  present 
cut off by the Hudson.  The  width of the  river  at  the point  being 
tunnelled  is 1 mile;  its  greatest  depth  at mean low water is 
G2 feet.  The bed of the  river consists of silt, coarse sand,  and 
gravel. The  tunnels  are  being  driven  by  the pneumatic process. 
Greater  difficulty is found in excavating the tunnels on the New 
York side by the same process, because the soil  contains less silt 
and  is looser, and offers comparatively little resistance  to the pres- 
sure of the air. It is even a  question  whether,  for the execution 
of this half of the work, the pneumatic  system  may  not  have t o  be 
abandoned,  and recourse had t o  movable caissons, by means of 
which it is suggested that section after section of the tunnel could 
be built and connected. 

The  Nersey Railway,  which I am carrying out, in conjunction 
with Mr. Douglas Fox, is intended to effect direct communica- 
tion  between the Lancashire  and  Cheshire  railway-systems,  and 
includes a tunnel 3,820 yards  in  length, between Liverpool' and 
Birkenhead, 1,300 yards of which  are  under the River Mersey. 
The  tunnel  and drainage-headings below it are being  driven 
throngh  the Red  Sandstone  formation.  These  headings commence 
from shafts l mile apart,  sunk on each side to  a  depth of 180 
feet ; they  are carried on an ascending  gradient to  the  centre of 
the river,  where  they  will meet the main  tunnel,  which  is con- 
structed on a  descending  gradient  to the same poipt. The heading 
from the Liverpool  shaft  has advanced 230 yards,  and that from 
the Birkenhead shaft 400 yards. 

Powerful  pumping-machinery  has been erected at each side, and 
at Liverpool,  where the greatest  quantity of water  is  met  with, 
as much as 4,500 gallons  per  minute  have been raised. At  
Birkenhead the  water has-never exceeded 3,000 gallons  per  minute. 
The  main  tunnel, which is for a ctouble line of rails, is being 
driven from two  independent  shafts,  and is carried  forward  from 
these  landwards  and  riverwards  simultaneously,  and a length of 
'300 yards  has been excavated. It is being  lined with brick- 
work set  in cement. The  length of the Railway is 3 miles, and 
its cost will  be  about Sl,OOO,OOO. 

Before passing to  another  branch of this address, I would just 
mention one of the more important projects of the age, the Channel 
Tunnel. Upon the basis of researches made under  the direction of 
Sir  John Hawkshaw  as to  the  nature of the  strata on both  sides of 
the channel  and of the underlying sea-bed, an Act of Parliament 
was passed in 1875, at  the instance of a company, of which Sir  John 
Hawkshnw  and I are the engineers,  and a concession was granted 
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by  the  French  Legislature to  a  French company, authorising 
certain  preliminary  works for this  undertaking.  Further re- 
searches  were  made by the  French company in 1875-6, which 
resnltcd in  their fixing  a  site  for the  French  end of the proposed 
tunnel,  about  seven  miles  west of Calais. I n  England,  as you are 
aware, the whole question  has t o  come before Parliament  shortly, 
and I therefore  think it desirable  not to do more than make 
this brief  reference to  the  important project. 

The proposal t o  unite  the  Atlantic  and Pacific Oceans by  a 
canal to be cut across the narrow  neck of land  which  joins the two 
American  continents is  a  very old one. During  the  last  century- 
and-a-half  many  surveys  have been made in different parts of the 
isthmus  to  demonstrate the practicability of the project. For 
some years it has been conceded to be  physically  practicable. It 
did not seem to be  financially SO until  the very  satisfactory pecu- 
niary  results of the Suez canal proved that merchants and ship- 
owners were  very  willing to  pay handsomely for the use of a  route 
which would materially  shorten  voyages  between  important ports. 
Several schemes, resulting from independent and more or less 
accurate local investigations,  were  before the public,  when Sir 
Ferdinand de Lesseps and  his  friends succeeded in obtaining  a 
meeting of an  International Congress in Paris  in May, 1879, t o  
choose the project  which  might be carried  out by  a public com- 
pany. This congress adopted the general  features of the scheme 
which is now being  carried  out. 

It is proposed to be a canal  without locks from deep  water of 
the Atlantic to deep water of the Pacific, 73,200 metres  long, 84 
metres deep, and  having  a minimum width at the water-line of 
22 metres. The canal commences on the Atlantic coast, at  the Bay 
of Limon, by  natural  depths of 8-50 metres,  and goes through  the 
marshes of Mindi, in  the direction of the River  Chagres,  which it 
joins in the vicinity of Gatun. It is  then  kept  up  neal t o  the 
river,  which it cuts  several  times,  and by a series of curves  and 
straight  lines reaches  Matachin,  where it separates  from the 
River  Chagres,  and  continues in a  south-east  direction  along the 
valley of tho Obispo, a  tributary of the Chagres. It then  enters 
'the valley at  the Rio Grande,  and in  a series of straight lines  and 
curves reaches the Gulf of Panama  near the islands of Naos and 
Flameneo, with  a  depth of 7 30 metres below the lowest  tides. 
It is provided with passing places a t  suitable  distances. The 
estimated cost of the canal is 531,200,000, including  financial 
charges  and  management during construction. 

One very  important factor in  the cost of the work is  the  nature 
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of the climate. That has  always been described in  the worst 
possible terms. So fa.r experience  has  not  borne  out that descrip- 
tion.  The  exact official figures of the  mortality  are given from 
February 1881 to  April 1882. The  result shows that so far from 
the mortality  being excessive it does not exceed that of similar 
works  executed in Europe. We can only hope that  the canal  may 
be completed and worked successfully, for the opening of such a 
passage  between the  two oceans cannot but be of vast  benefit to 
the commerce of the world. It will abridge the voyage  between 
Europe  and the western coast of America at  the equator some 
2,500 marine  leagues,  and it will considerably  shorten the voyage 
to  the eastern parts of Australia,  to New Zealand,  and to China 
and  Japan.  The  saving of time  and cost of these  long  voyages 
must  materially  increase the commerce with those  distant places, 
and lead to  the  interchange of commodities  now prohibited by  the 
cost of transport.' 

Among works of interest for the shelter  and accommodation of 
shipping I have chosen for brief  reference the Alexandra Dock a t  
Hull, now under  construction by Mr. Abernethy,  and the new 
Harbour of Port Elizabeth,  which is being  constructed from the 
designs of Sir John  Code. 

The Alexandra Dock Works at  Hull  are situated on the  left 
foreshore of the River  Humber, some distance below the town, in 
great  part  seaward of the high-water line. The  sea-embankments, 
upwards of 6,000 feet in length,  have been completed, together 
with  the cofferdam for the entrance  -look,  and the  tidal  water 
excluded from the  site of the dock and  quays,  together 152$ acres 
area. About 3,000 men, 20 locomotive engines,  and 80 steam  and 
hydraulic  engines of various  kinds, are employed dayland  night, 
aided  by the electric light,  in prosecuting the works. 

For the first  time in carrying  out  works of this class, the exca- 
vations  and  masonry are executed, in  great  part, by  hydraulic 
machinery,  worked by  the permanent  engines of 300 HP.,  having 
an accumulator with  a plunger of 20 inches  diameter  and 35 feet 
stroke. The  water space of the dock will  be 2,300 feet in  length 
and 1,000 feet in width,  equal  to an area of 468 acres, walled all 
rouna, with  jetties projecting into  the dock at various  points ; the 
total length of wharfage or berthage afforded by the walls  and 
jetties  together  being 9450 lineal feet. 

The entrance-lock is approached by  a trumpet-mouthed  entrance 

1 Further details of this important work  were given by Nr. Abernethy in his 
Presidential Address, 1581. 
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365 feet in extreme width,  tapering  gradually inwards from the 
tideway t o  the lock, which  will  be 550 feet in  length between the 
outer  and  inner  gates,  and 85 feet in width,  divided  by inter- 
mediate  gates into  two  lengths of 325 and 225 feet ; the depth 
of mater over the sill  being 34 feet a t  springs, and 27 feet 
10 inches a t  neaps. 

Two  graving - docks, entering from the  uain dock, are  nearly 
completed, one 550 feet in  length  with an entrance 65 feet wide, 
and  a  depth over the cill of 21 feet 6 inches ; the  other 500 feet in 
length,  with  an  entrance GO feet  wide,  and  a  depth of 19 feet over 
its sill. The quays  around the dock will  average 320 feet in width. 

Arrengements  have been made for the shipment of coal, in 
addition t o  gener@l traffic, on the most approved system; ancl 
railway communication mill be formed between all  parts of the 
quays. The works were commenced in March 1881, and  will, it 
is  stated, be nearly completed by the end of this year. 

The harbour,  as  designed by  Sir  John Coode, for Port Elizabeth 
in Algoa Bay, on the eastern coast of South  Africa, is of it different 
type. It solves the difficult problem of affording  shelter  for 
shipping from the heavy seas, so constantly  rolling in upon the 
beach in  that region,  without  obstructing the  natural movement 
of the sand,  which would speedily  render any ordinary  protection 
useless. Numerous very  careful  observations  personally made by 
Sir John Coode, and  information  furnished to him  by  experienced 
persons on the spot, satisfied him that  there was a  prevalent 

drift ” or movement of the sand  along the shores of the bay in 
a northerly  direction, but  that  this movement was confined to  the 
comparatively  shallow  water  near the shore, and  that it was 
caused by the heavy  south-easterly seas to which this  part of the 
African coast is exposed.  As a  first  step  towards the execution 
of the general  design,  a  retaining-bank  has been constructed  along 
the shore at  the southern  end of the town,  which  has had the 
desired effect of clearing away a large  quantity of the sand accu- 
mulations. From the  northern end of this bank,  a  viaduct  is 
to run out in a  north-easterly  direction seaward 3,000 feet,  into 
6 fathoms of water at low tide. This viaduct is to be fornled of 
wrought-iron piles, placed in bays 30 feet apart, securely braced 
together,  and  supporting  a deck of wrought-iron  girders, with  a 
plated floor carrying the road-surface on which  rails will be laid 
in  the usual  manner  and connected with  the system of existing 
railways. This viaduct  will  present no obstruction  to the 
sand - travel,  and  therefore cause no diminution of the depth 
of water, or in other words no extension of the shore seaward. 
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At  the  outer end of this viaduct the breakwater-the first 
section of which  will be 2,000 feet long-is to be constructed of 
large concrete blocks, founded o r a  substratum of rubble, carried 
down to a sufficient depth  to  prevent disturbance by wave-action. 
This first section of the work, with its accessories,  would give a 
total  quayage of 2,160 feet, and  to  that  extent provide complete 
shelter to shipping from the heavy rollers, which, under present 
conditions, occasionally prevent communication between the ship- 
ping  and  the shore for several days at  a time. Provision is made 
for water, gas, and telegraph, and  the whole cost of the work 
will be about S950,OOO. 

The works for obtaining an improved supply of water for 
Liverpool are  making  rapid progress, under the engineers, Mr. 
Hawksley, of  London, and Mr. Deacon,  of  Liverpool. The 
water is to be impounded from the watershed of the  river 
Vyrnwy  in  North Wales, a distance of 679 miles  from the 
Prescot reservoirs, to  which it is to be brought  partly  by aque- 
duct  and  partly in  tunnels  and pipes. The area of the water- 
shed is about 22,000 acres. The upper  waters o f .  the  Vyrnwy 
are  to be impounded in the valley of the  river  by a dam 
1,255 feet  long and 84 feet  high, which will collect the waters 
pf the  river  into a reservoir having  an area of 1,115 acres. 
The dam is formed of rubble masonry set  in Portland cement, 
and  is founded on the Caradoc beds in  the lower Silurian 
formation. All the different works are in the hands of con- 
tractors, and  are being  actively pushed forward. Manchester 
recently obtained powers for an  additional  supply of water from 
Thirlmere.  All are agreed that a supply of pure  water is 
one of the most important means of maintaining the  health of 
large towns, and it has also come to be admitted that it has 
an important influence on their moral condition. It would be 
well, therefore, if London would  seek to emulate the  enterprize 
and  liberality of the  northern  cities  in  supplying its population 
with  pure water. 

I shall conclude the brief reference I have been able to make to 
the more remarkable engineering  works of the day, with a few facts 
concerning the Eddystone lighthouse, a work so closely  associated 
with  %he name of the  Father of our profession-John  Smeaton. 

The old lighthouse, completed in 1759, has always been an 
object of peculiar interest  to  the nation, partly because it was 
the model on which all similar  structures have since been built, 
and  partly because of the sincere and simple character of Smeaton, 
his intense  application to the work, and his  great skill and power 
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of contrivance,  which made a  deep impression on all who were con- 
nected with him. It was with a feeling  akin to personal regret 
that  the public  learned  for the first  time in 1877, from a  Paper 
read by  Sir  James  (then Mr.) Douglass befor’e the  British As- 
sociation a t  Plymouth, that Smeaton’s work was doomed, after 
an existence of little more than double the  length of that of its 
immediate predecessor. It was a source of satisfaction  and con- 
solation that  nothing  in  the design or construction of the tower 
itself conduced to the necessity  for  replacing it. The innumer- 
able  storms  which  had beset it during  its existence of a  hundred 
and  twenty years  had produced  no  effect on it ; but  the rock upon 
which it was reared had not been so enduring. 

While I am  sure  that every one present  shares the  regret  that 
has been  felt at  the  fate of the old  tower, they  will rejoice at  the 
completion of the new one by  a member of our council, Sir James 
N. Douglass, who  worthily  earned  the  honour of knighthood by 
the achievement. The new  tower is 130 feet high above high 
water,  or 58 feet  higher  than  the old tower. Four thousand  six 
hundred  and  eighty-eight  tons of stone  have  been used in  its con- 
struction, or nearly five times the  quantity (988 tons) used in  the 
old  building. Smeaton’s tower  contained  only  four  rooms; that 
of Sir James Douglass contains  nine, of larger  and  loftier propor- 
tions.  There  is, besides, a  water-tank  in  the base, which  did  not 
exist in  the old structure. It has cost ;E78,000, and i t  has been 
completed in  the  short space of three  and  a  half  years. I do not 
give any details of this  important work, as doubtless  a  paper on it 
will  be read in  the coming session.  Mr. E. Price  Edwards  has 
written  an  interesting  account of it; to which  he  has  very 
judiciously appended an abridgment of Smeaton’s narrative of the 
building of the old tower. I will  only  add t o  this description 
these words of Mr. Edwards : “Let us hope that from this tower 
a  light may  shine  for  another  hundred  years a t  least, so that 
the perfected arrangements now completed may  give  matter to 
the criticism  and wonder of our  descendants. And let us hope 
that they,  while  admiring the beneficent spirit which  prompted 
and  directed the  carrying out of so noble an undertaking,  and 
marvelling at  the completeness with which the work has been 
designed  and  executed, will  help  to  realise  something of Smeaton’s 
hope of a ‘ possible perpetuity ’ for  his  tower, by recognising that 
the splendid structure  set  up  in 1882 was but  the outgrowth of 
his  earlier  labours completed in 1759.” 

While  noting the erection of this  important  and  interesting 
work, it may  be  well to refer to  the progress that has been made 
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during  the  last  quarter of a  century  in  the  lighting of lighthouses. 
Since the first  practical  application of electric light  at  the 
South  Foreland  Lighthouse on the  8th of December, 1858, con- 
siderable  progress  has been made with  all  the luminaries  applied 
to lighthouses, viz., oil, gas, and  electric  lights. At  the above 
date,  the  standard  intensity of the first  order  oil light was 230 
candle-units,  and the  intensity of the most powerful  electric light 
was about 670 candle-units.  Recently at  the Eddystone Light- 
house two oil lamps, each of 720 candle-units,  have been applied, 
thus  giving  an  aggregate focal intensity of 1,440 candle-units. 
This  is  the  highest  intensity  yet  attained  with oil light,  but it 
will  shortly  be  considerably exceeded. With electric light,  a 
focal intensity of about 10,000 candle-units is applied at  the 
Lizard,  and  arrangements are now being made by  the  Trinity 
House for practically  testing the merits of an electric light of 
60,000 candle units intensity. With coal-gas light  great progress 
has been made since 1865 by Mr. John Wigham, of Dublin. In 
the  latest development of his system  four  burners are employed, 
each of 1,250 candle-units  intensity, or an  aggregate  intensity of 
5,000 candle  units. 

I propose now to  say  a few words on the subject of foreign 
and colonial railways. The railway  systems of .Europe  are 
still  far from complete, especially in the east,  where  much 
remains to  be  done. Except in the extreme north  and  south 
of Africa, the locomotive has  pot yet penetrated,  and  almost 
the whole of that vast  and  productive  country  inland  remains t o  
be opened up.  Brazil  has made some important  lines,  but  they 
bear no proportion to  the  extent of a  country the  natural resources 
of which  are so various  and so great.  China  is  another  country 
with which we have had for  many  years a very  extensive com- 
merce, and  which  might  be  greatly increased if there  were im- 
proved means of communication between the  interior and the coast. 

We know that  the Empire of China is of vast  extent,  and that 
it is densely peopled over a large  part of its surface,  and that 
though it has very bad roads, it has  much  excellent  canal  and 
river  navigation. We believe that  the immense population of 
China would derive great advantages from the construction of 
railways,  and that, if carefully  planned  and  deliberately  carried 
out, the  capital  spent on them would produce an adequate  return. 
There  is no doubt that,  if  the Chinese Government  were  dis- 
posed to permit the construction of railways in China,  either  as 
government works or private  enterprises, ample funds  for their 
construction could be  immediately found in Europe. It has been 
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said that  the objection of the Cginese to  the introduction of 
railways into  their country proceeds chie0y from the fear of intro- 
ducing foreigners in any considerable number. Mr.  Morrison, the 
Engineer of the Woosung Railway, which you remember was 
bought  by  the government for the purpose of being destroyed 
has given me  some information quite recently on the subject of 
railways in China, and I desire to  lay before you the more 
salient points of it. It would appear that Chinese statesmen, 
even those most liberal  and  enlightened,  really believed, up  to a 
recent period, that  railways were not adapted to  the circumstances 
of China. They  have recently formed a different opinion. An 
official memorial has been drawn  up  by one important government 
officer, and favourably reported on to  the government by another 
high official, suggesting  and recommending the construction of 
four important  trunk lines, and no doubt if these  were once 
executed many more  would  follow. 

I will  not now trouble you with  the  details of construction and 
cost, with  which I have been furnished by Mr. Morrison, but 
speaking  generally,  and  assuming that some  5,000 miles of main 
lines could be undertaken,  single  lines of the ordinary 4-foot 
8h-inch gauge could be constructed and equipped for about $12,000 
per mile. He considers that it is a fallacy to suppose that cheap, 
light, narrow-gauge lines would be serviceable for the main lines 
of the country,  which is densely populated, and which can only be 
adequately  supplied with railway accommodation by  the construc- 
tion of first-class roads of the ordinary gauge. 

I infer from the report of the Government Director of Indian 
Railway Companies, that  there  are  in course of construction in 
India somewhat more than 900 miles of railway,  including in 
their course three bridges of more than ordinary importance ; 
that across the  Indus  at Attock having  two spans of 300 feet each, 
and  three of  250 fcet;  that over the Ganges at  Benares, par- 
ticulam of which I have already  given;  and  that over the 
Hooghly,  about 20 miles above Calcutta.  The  last was designed 
by Mr. Rendel and Mr. Bradford Leslie. Other  lines  are con- 
templated, and  to some extent determined on. When those now 
in progress are completed, India  will have nearly 12,000 miles of 
railway open for traffic. 

In New Zealand the  length of railway in various  stages of pro- 
gress during  the  year  ending  the 31st of March last was 234  miles, 
and 1,333 miles were then open for traffic, and an additional ex- 
penditure of 33,650,000 had been ordered. 

In  Queensland only a few miles appear to be under construction. 
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But  an extensive system of railways is a t  present  under the con- 
sideration of the Government. 

I n  South Australia considerable progress has recently been made 
in railway building, and still further extensions are contemplated ; 
and  this  may also be said of Victoria and New South Wales, 
where there  are 442 miles under construction. It seems to me, 
looking on from a distance, and  taking a broad view of the 
Australian continent-the populations of which must  gradually 
approach each other,  though now widely separated-a thing  greatly 
to be regretted  that these Colonies have not adopted the same gauge 
for their lines. With  the disadvantages  which have  arisen in 
England, in India,  and  in America, from a break of gauge, and from 
the  great advantages  which  western and  central  Europe  have derived 
from a uniform gauge, it might have been thought  prudent on the 
part of the  Australian colonies to accept the experience of older 
communities. But  in Queensland they have adopted the 3-feet 
6-inches gauge;  in New South  Wales the 4 feet S$ inches;  in 
Victoria 5 feet 3 inches;  in  Western Australia 3 feet 6 inches; 
and  in  South Australia 5 feet 3 inches and 3 feet 6 inches, and 
they propose to use the  metre  gauge also. 

I n  Canada, according to  the  last report of the Railway Depart- 
ment, there were 2,910 miles of railway under construction ; and 
in  the  United  States it has been stated, unofficially, that  there 
were some 11,000 miles constructed during  last year. Both 
these mileages are in excess of previous years. I n  the  United 
States  and  in Canada the tendency is towards a uniformity of 
gauge ; and  when it is considered what  great advantages there 
are  in uniformity, not only as  regards  the  interchange of traffic, 
but of rolling stock, we  may look for its being complete in America 
before long. 

The  undue neglect of the  inland navigation of this country has 
recently been brought  under public notice, and it is a subject 
which eminently deserves the  attention of the engineer. It is 
not my intention to discuss the relative  advantages of railroad and 
water conveyance. For  the conveyance of coarse  goods, the  bulk 
of which is out of proportion to  their value, a slower  conveyance 
than  the goods-train might be endured in consideration of its 
greater cheapness. But  to be more extensively useful it must be 
something between the present speed of the canal-boat and  the 
goods-train, with  the  punctuality of the  latter. It appears to me 
that our attention should be directed first to improving the con- 
struction of our canals and  their lockage, and secondly to  the 
means of increasing the  rate of speed on them by better modes of 

c 2  
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traction  than those at present existing. If,  by improving canals 
and canal-traction, you can  treble or quadruple the  rate of speed, 
the canal  will be able to compete successfully with  the  rail- 
way, and may supersede it economically  for the conveyance of 
many classes of goods and minerals, of which  probably the railway 
would be  advantageously relieved. 

I have  now laid before you, as succinctly as I have thought 
consistent with clearness of description, the principal and dis- 
tinctive  features of  some of the more important  works of en- 
gineering science which have heen recently executed, or which 
are  in course of construction, and I have mentioned some  of the 
countries of great  extent which still remain to be supplied with 
the works of the engineer. I have  ventured  to  recall  to your 
recollection  some of the  great  engineering  feats of ancient  times 
achieved with  the materials  which nature has placed ready to  the 
hand of man; I have reminded you of the comparatively little 
progress that was made in  the constructive arts  until a period 
quite  recent;  and I have drawn your attention  to  the enormous 
development of those arts  by  the use of iron, which  was only 
begun on a compara.tively large scale within  the memory of men 
still living. 

When we consider the magnificent engineering works of ancient 
times, the creation of ages  we call barbarous, in countries  which 
were, by comparison with  the nations of our  day,  sparsely 
peopled ; subject  continually to war, pestilence, and famine, or  the 
ruinous consequences of frequent  organic political changes ; without 
accumulated capital  or  the ready means of exchanging products, 
to say nothing of the absence of facilities for that  rapid  inter- 
communication of discovery and of thought which has had mch 
marvellous and beneficial iniluence of late years on every depart- 
ment of art, science, and  literature, we cannot but be astonished, 
not at  the magnitude of our own works, but  that all the immense 
advantages  which we enjoy should have been  enjoyed so recently, and 
should up  to these latter times  have been turned  to so little profit. 

In our own country the  trained engineer is a comparatively 
modern creation. Until  little moie than a hundred  years ago we 
had  hardly a canal  or a passable high road. Two  centuries ago it 
was necessary to send to Holland for an engineer to build a sea- 
wall. I am  happy  to  say we have been able to  repay our Dutch 
friends by  lending  them an English engineer (Sir John Hawk- 
shaw)  to build for them one of the finest works of canalisation 
that  has  yet been executed in any country. We have only begun 
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to  take  in  hand  the embankment of rivers,  and  what  the engineers 
of the first Napoleon did for Paris at  the  beginning of the  century 
was  only done  some fifty  years later for London by our colleague 
Sir Joseph Bazalgette, under  the Metropolitan Board of Works. 

We  have still no authority competent to deal with  the general 
system of our rivers. A Rivers-Conservancy and Flood-Prevention 
L4~t is greatly needed. Private  interests of the most insignificant 
character are suffered to  interfere  with  or prevent the execution of 
plans  which would be of manifest advantage to  large populations. 
To  carry  out  any local or general public improvement, private 
persons must be organised into pubIic bodies, and appeal must be 
made to  the cumbrous and costly machinery of parliamentary  legisla- 
tion  in every  individual case. There  are  signs  that this ancient 
system,  suitable enough for the  rate of progress of public works half 
a century ago, but unsuited to  the  rapid march of improvement in 
our time, will before long be modified and improved.  More ready 
and less expensive machinery for authorising public works of utility 
will  tend  to increase them, and  their increase will offer an enlarged 
field for the employment of engineering  skill. In the reclamation 
and drainage of land  and  the sewerage of towns, and in  their  water 
supply, there  is still a large amount of work to be done. 

We  have heard, during  the recent  times of depression, fears 
expressed that  the profession was too full, that we  had completed 
our work in  the land,  and  that  the  future was not for us. But 
these fears are vain. So long  as  capital accumulates in  this 
country, it must be expended in some productive way  at home or 
abroad. Judiciously  planned public works are always productive 
and  the men  who find the means will  appoint the  agents for 
carrying  out  their works, and those agents will always be their 
own countrymen, so long as  they  are competent to perform the 
duties demanded of them. We have been told  that foreign com- 
petition  was  displacing even our iron  manufactures in both the 
home and  the colonial markets, and instances  have been cited to 
prove the general fact. But for price and  quality  the  British iron 
manufacture is still unrivalled. I see no reason to fear that it 
will easily be displaced from its present position. Be sure of 
this, that while  we  remain the  greatest  capitalists of the world, 
and  the chief iron-producers of the world, the world at  large  will 
be  glad to come to us for our  capital,  our  material,  and  our 
scientific skill. 

Alarming  pictures are sometimes drawn of the  fearful  results of 
the conflicts between capital  and labour in  this country, and of their 
baleful influence on contracts for public works. We have not a 
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monopoly of these conflicts, and so far  they affect other coun- 
tries equally with our own. No doubt, sudden  disturbance of the 
labour market is a serious evil;  but it is a temporary one, and 
common senss  or self-interest prevents the evil from  becoming 
chronic. In the  time of Charles the Second, Macaulayl tells  us 
there was a vehement and  bitter  cry of labour against capital.” 
The weavers of Leeds and Norwich,  employed in  the woollen 
manufacture, seemed bent on destroying it by  their demands. But 
the woollen manufacture is still one of the  great  staple  industries 
of England. I n  a free  country trade-disturbances right them- 
selves. The  law of supply  and demand never fails, if  left  to  its 
own operation, to restore the balance. 

Gentlemen, the field of the engineer is the world. You see 
that  the old natural  barriers which stopped or impeded com- 
munication are being gradually surmounted. The bridge  or the 
tunnel  is  taking  the place of the  ferry for the passage of rivers, of 
arms of the sea, and even of the sea itself. The ferry-system of 
New York, the most complete in existence, is giving place to a bridge 
in one  place and a tunnel  in another. In our  own country the 
necessities of the traffic between South Wales and  the  South West 
of England have compelled the  substitution of a tunnel  under  the 
Severn for a ferry. The enormous traffic between Liverpool and 
Birkenhead, served for many  years by excellent steam - ferries, 
can, it is found, only be adequately accommodated by a railway 
tunnel beneath the Mersey. The engineer of the Metropolitan 
Board of Works, Sir  Joseph Bazalgette, has  recently  presented to 
that Board a Report and  Plans on the Communications between 
the  North  and  South of London below Bridge. He  has recom- 
mended the construction of a tunnel  at Shadwell and a tunnel  at 
Blackwall, and a high-level  bridge at   the Tower, at   an aggregate 
cost of 55,200,000. Tunnels  under  the Thames  have been  proposed 
since the beginning of the  century,  and Mr. Trevithick  nearly 
completed a heading from shore to shore in 1807. It is  probable 
that  the  tunnels now recommended, and  many more,  would have 
been made earlier if the Thames Tunnel of Brunel  had been 
planned on a less magnificent scale, or  had been carried out under 
circumstances of less difficulty and cost. The small tunnel of 
Mr. Peter Barlow, from the Tower to Horselydown, wisely 
planned and successfully carried  out  with  great ease, rapidity ancl 
economy, has been of much  advantage to  the working classes, and 
has served to show, in  spite of former failures, tha,t  there is no 

l Hist. Eng., chap. 111. 
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difficulty in  tunnelling beneath the  river  at a suitable  depth. No 
one who considers the vast  advantages of direct  and  uninterrupted 
access between the  two  parts of London lying  north  and south of 
the Thames below London Bridge, containing a commercial and 
manufacturing population equal in numbers to  the combined  popu- 
lations of 'Liverpool, Manchester, Salford and Birmingham, could 
doubt  the wisdom of some such recommendations as those  made 
by Sir Joseph Bazalgette. 

Nat only are works  such as these, as well as  many new or 
larger harbours and docks required at  home;  not only are new 
countries of vast  extent  and enormous  reaources being  gradually 
laid open to  the operations of the engineer, but a greater  diversity 
of employment is offered to him. We have hardly reached the 
limits  within which steam, gas, and  water can be usefully em- 
ployed, when a new agent affords the engineer new sources of 
activity. It is impossible to  say  to  what uses the comparatively 
new power of electricity  may be put,  but it is easy to see that it 
will play an important  part  in  the social and  industrial economy 
of the age. 

At  any  rate it is clear to me that  whether  we look at  home or 
abroad, to  the development of old forces and  the uses of old 
materials, or  to  the discovery of new forces and new materials, the 
occupation of the engineer must grow  and increase. It is an 
essential object of this  Institution to  draw from all  quarters of the 
globe, and  to record for your information, the  results of the 
investigation, the  thought  and  the experience of our profession. 
We meet here for the interchange of ideas on all  that concerns the 
execution of public works. We  have laid before us from time 
to  time descriptions, in minute detail, of the more important 
works executed by the most  accomplished  members of the profes- 
sion. While we diligently seek information from the vast store- 
house of experience and  skill which is provided for us  by  the ' 

Institution,  and  carefully  adapt  our professional knowledge to  the 
new conditions under  which we may  be called  upon to work 
through  the changes  which time effects, we shall be able to  take  part 
successfully in  the operations which it is the business of our 
profession to  carry out, and which are a t  once the seed and the 
product and  the evidence of civilisation. 

It only remains for me now to acknowledge the readiness with 
which my brother  engineers and  others have supplied me with 
information, and  to  thank you for the attention  with which you 
have  listened to this Address. 
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